A rapid reversed-phase high performance liquid chromatography (RP-HPLC) method was developed for the determination of Kanamycin sulphate (KS) in PLGA nanoparticle formulation. A new formulation of KS loaded PLGA nanoparticles (NPs) was prepared by double (multiple) emulsion process in our laboratory. The desired chromatographic separation was achieved on a Phenomenex C18column under isocratic conditions using UV detection at 205 nm. The optimized mobile phase consisted of a mixture of 0.1 M disodium tetraborate (pH 9.0) and water (25:75, v/v) supplemented with 0.5 g/L sodium octanesulphonate at a flow rate of 1 mL/min. The linear regression analysis for the calibration curves showed a good linear correlation over the concentration range of 120-840µg/ml, with correlation coefficients of (r 2 0.9997). The system was found to construct sharp peaks for KS and IS with retention times of 4.08 and 5.49 min, respectively. Transmission electron microscopy studies on MFX NPs demonstrated particle size < 100 nm. An average encapsulation efficiency of 74.34% was obtained for NPs. In vitro studies showed zero-order release and about 95% drug being released within 12 days in PBS (pH 7.4). In conclusion, the proposed optimized method was successfully applied for the determination of in vitro and in vivo release studies of KS NPs.
INTRODUCTION
KS is an aminoglycoside antibiotic which is produced by fermentation of Streptomyces kanamyceticus and is used as sulphate salt (Ogawa et al., 1959; Rothrock et al., 2010) . KS is used as a second-line drug for the treatment of Multi drug resistance tuberculosis (MDR-TB) (Rybak et al., 2007) . KS has a very short plasma half-life (2.5 h). In adults, KS recommended therapeutic dose is 15 mg/kg/day in equally divided intervals (Mustafa et al., 2015) . KS is used in high concentrations to reach the therapeutic levels in plasma and tissue, which results in serious ototoxicity/nephrotoxicity, and acquisition of KS resistance-TB (Doluisio et al., 1973; Jain et al., 2012; Selimoglu et al., 2003) . Till date, KS has been formulated as transdermal patch (Lopez-Cervantes et al., 2009) , Freeze dried microparticles Analysis of KS by CE in drug substances and serum has also been attempted (Kaale et al., 2001; Kaale et al., 2003; Holzgrabe et al., 2008) , but selectivity and precision are rather poor compared to LC. Detection systems based on conductivity (Claes et al., 1973) , colorimetry after derivatization with ninhydrin (Inouye et al., 1964) , UV spectrophotometry after precolumn or precapillary derivatization (Longa et al., 2003; Gambardella et al., 1985; Kaale et al., 2001) ,and UV detection after in capillary derivatization have been described (Kaale et al., 2003; Holzgrabe et al., 2008) .
These derivatization methods have proved to be tedious, time consuming and not always free of toxic side effects. They also may lead to reaction incompleteness and to formation of reaction by-products which will lead to difficulties in quantitation. For the sake of simplicity, low cost and correct quantitation, direct detection methods are preferred. A validated RPHPLC method for the estimation of KS was not appropriate for detection of low KS concentration. In this method, the retention time was more than 6.341 min (Blanchaert et al., 2013) .
A response surface methodology (RSM) approach was used to identify the optimum conditions for analysis during method development (Singh et al., 2012; Negi et al., 2015) . Equation (1) Where is the experimental response to be optimized, b 0 is a constant term and b 1 -b 5 are coefficients of the linear terms,x 1 , x 2 represent the main effect, x 1 2 ,x 2 2 are the quadratic effect, and x 1 x 2 are the interaction effect. Data were analyzed by nonlinear estimation using Design Expert software 7.0. In order to fully characterize the KSNPs formulation, a suitable and validated method is required for a critical assessment of pharmaceutical parameters such as drug content, encapsulation efficiency, and in vitro and in vivo release performance. Literature review reveals that HPLC methods have been reported for the quantitation of KS and bioanalytical methods is also reported (Kaale et al., 2003; Blanchaert et al., 2013) .To the best of our knowledge, the use of liquid chromatographic technique for the determination of KSNPs in vivo, after intramuscular administration in rat plasma has not been demonstrated.
The purpose of the present study was to develop and validate a simple and time-saving RP-HPLC method with UV detection for the determination of KS. The validated method was applied to quantify the content of KS incorporated into the PLGA NPs after preparation. This is the first comprehensive study to investigate the content in in vitro and in vivo release of KSNPs by using optimized HPLC method. The method was validated according to Food and Drug Administration (FDA) 
EXPERIMENTAL

Materials and Methods
KS and tobramycin (Figure 1 (b) ) (99.8%w/w and 98.7%w/w, HPLC) were provided ex-gratis by M/S Karnataka antibiotics, Bangalore, India. HPLC grade disodium tetraborate and sodium octanesulphonate was purchased from SD Fine-Chem Limited (Mumbai, India). Poly (lactic-co-glycolic acid) in a 50: 50 molar ratio (M.W 14,500Da) was received as gift sample from M/s Boehringer Ingelheim Pharma GmbH & Co. KG, Germany. Cetrimide was purchased from M/s Sigma-Aldrich (Mumbai, India). Instrumentation and Chromatographic Conditions HPLC (Shimadzu, Kyoto, Japan) instrument was equipped with two LC-10 ATVP pumps, SPD-10AVP UV-vis detector, Rheodyne injector with a 50 µL loop. The column used for the analysis was a Phenomenex C 18 (250mm × 4.6mm I.D., 5 µm) column, supported with a Security Guard cartridge Phenomenex (Torrance, USA), with 3.0mm internal diameter, in an oven at a temperature of 50 ∘ C. Chromatographic analysis was conducted in isocratic mode. The detection was carried out at 205 nm. An injection volume of 20µL was used for all standards and samples.
Experimental Design for HPLC Separation Optimization
Optimization techniques constitute of two major tools statistical parameter evaluation and experimental design. Using an appropriate model is beneficial to evaluate and identify the most imperative parameters with a minimum number of runs. During the optimization steps, retention time, peak resolution, and peak asymmetry responses were screened in order to minimize the analysis time and maximize the peak resolution and optimal peak asymmetry of the developed method. Taguchi A orthogonal array design was employed in preliminary experiments to screen the most appropriate parameters. Furthermore, CCD was selected to determine the best experimental conditions in RP-HPLC. Thirteen experiments were conducted using the levels described in Table 1 and conditions described in Table 2 . Minimum and maximum values for concentration of disodium tetraborate (A) were selected as 20% and 40%, respectively. Likewise, minimum and maximum contents of buffer pH (B) were fixed as 2.5 and 4.0, respectively. Retention times (Y 1 ), peak resolution (Y 2 ), and peak asymmetry (Y 3 ) were the responses for these studies. 
Preparation of Calibration Curve (CC) and Quality Control Samples (QC)
Eight-point calibration curve (CC) was prepared by serial dilution of KS stock solution (1mg/mL) in the range of 120, 240, 360, 480, 600,720 and 840µg/mL obtained by measuring the required amount of 1000 µg/mL working standard solution, mixing with a sufficient quantity of mobile phase, and making up to 10mL.
Calibration standards were prepared daily by spiking 0.1mL of blank plasma with 10 µL of the appropriate working solution resulting in concentrations of 120, 240, 360, 480, 600, 720 and 840µg/mL. Stock solution (50µg/mL) of tobramycin (IS) in methanol was prepared and stored at -20 ∘ C. The stock and standard solutions were prepared on a daily basis and stored in the dark at about 5 ∘ C. All solutions were used on the day they were prepared.
For the determination of the limit of detection (LOD) and limit of quantitation (LOQ) of the method, six standard solutions, between 60 and 120µg/mL, were obtained from the 500µg/mL working solution. All stock solutions were stored at -20∘C and working solutions were freshly prepared each day.
Sample Preparation
To a 100µL of rat plasma, 10µL of IS and 150µL of KS were added and the mixture was incubated at 37 ∘ C for 1 h. KS was then extracted using 100µL of acetonitrile (liquid-liquid extraction; LLE) followed by vortexing for 2min. After vortexing, the samples were subjected to centrifuge at 12,000 ×g for 15min. The supernatant was decanted into a China dish and evaporated to dryness at room temperature. Dry sample was reconstituted in the mobile phase and subjected to HPLC for analysis.
Method Validation
The parameters considered for the validation included selectivity and specificity, linearity, accuracy, precision, recovery, limits of detection and quantitation, system suitability, and stability.
System Suitability Tests
The system suitability parameters were determined by injecting six times the standard solution containing KS at concentration of 600 µg/mL. The capacity factor (K ′ ), resolution (R), tailing factor (T), theoretical plate number (N), and resolution for the two drug peaks were the constraints tested on a combination solution containing 600 µg/mL of KS and 50 µg/mL of IS.
Limits of Detection and Quantification
The limits of detection and quantitation were determined from six standard solutions (60, 70, 80, 90, 100 , and 120µg/mL). LOD and LOQ were calculated according to LOD = 3.3 /S and LOQ = 10 /S, where is the standard deviation of the response and S is the slope of the calibration curve.
Linearity
Calibration curves were constructed with eight standard solutions, containing the two compounds simultaneously, ranging from 120to 840µg/mL. Linearity was determined through the calculation of a regression line by the method of least squares, representing the peak areaas a function of the standard concentration.
Accuracy and Precision
Precision was determined by repeatability (intraday) and intermediate precision (interday) for three consecutive days. Four standard solutions (quality controls), 120, 360, 600 and 840µg/mL, respectively, and analyzed according to the proposed method (intraday precision) for three consecutive days (interday precision). The relative standard deviation (RSD) determined at each concentration level should not exceed 15%, except for the lower limit of quantitation, where it should not exceed20% (Mostafavi et al., 2009) . The accuracy was determined by measuring six replicates of the four quality controls and by calculating the percentage of bias for each compound according to the equation % accuracy = (observed concentration/nominal concentration) × 100.The mean value should be within 15% of the actual value, except at the LOQ, where it should not deviate by more than 20% (Xiong et al., 2009) .
METHOD APPLICABILITY Preparation of KS Loaded PLGA NPs
KSNPs were prepared by double (multiple) emulsion process employing Ultra Turrax IKAT25 digital high shear homogenizer. First, an appropriate amount of KS was dissolved in 30mL of aqueous phase and then this drug solution was added to organic phase (50mL) consisting of PLGA solution in dichloromethane with vigorous stirring to yield a water-in-oil emulsion. Next, the water-in-oil primary emulsion was added to 30mL of (0.3%) cetrimide aqueous solution using high shear homogenizer at 16,000 rpm for 30 min, to yield a water-in-oil-inwater (w/o/w) emulsion. The formed nanosuspension was centrifuged at 16,000 ×g for 1 h, at 4 ∘ C. The NPs were then lyophilized and stored at 4°C until further analysis. Blank NPs were prepared following the above method without inclusion of KS.
Particle Size (Dnm), Polydispersity Index (PDI), and Zeta (ζ) Potential Measurements
The Dnm and PDI of the KSNPs were determined using Malvern Zetasizer NanoS90 (Malvern Instruments Ltd., Worcestershire, U.K) and the zeta potential was measured using Malvern Zetasizer Nano ZS (Malvern Instruments Ltd., Worcestershire, UK).Samples were diluted in Milli-Qwater before measurement.
Transmission electron microscopy
The morphology of the KS-loaded PLGA NPs was observed using transmission electron microscope (TEM) attached with a mega view II digital camera (H 7500, Hitachi, Tokyo, Japan). A drop of sample diluted with water was placed on a copper grid and the excess was drawn off with a filter paper. Samples were subsequently stained with 2% of uranyl acetate solution for 30 s. The image was magnified and focused on a layer of photographic film (Kim et al., 2015) .
Determination of Encapsulation Efficiency
The encapsulation efficiency was determined by the separation of drug-loaded MPs from the aqueous medium containing non-associated KS by ultracentrifugation (REMI high speed, cooling centrifuge, REMI Corporation, India) at 15,000 × g for 30 min, at 4ºC. The un-encapsulated KS was determined using HPLC. The total drug content in the KS MPs was determined by dissolving the KS MPs in methanol to release trapped KS. The resulting solution was analyzed using HPLC. The drug loading content was the ratio of incorporated drug to polymer (w/w).
In Vitro Drug Release Studies
Dissolution studies were carried out for all the formulations in hexaplicate. Dialysis membrane method was used to evaluate the in vitro release of KS-loaded PLGA MPs for up to 12 days. Six dialysis bags with the same size were prepared and soaked in purified water for 24 h to be ready for use. The bags were sealed closely by clamps after 1 ml of PBS solutions were dropped into each bag.
One millilitre of MPs suspension (corresponding to 100 mg of KS) was placed in a dialysis, which was tied and placed into 200 ml of PBS (0.1 M, pH 7.4), maintained at 37ºC with continuous magnetic stirring. At selected time intervals, aliquots were withdrawn from the release medium and replaced with the same amount of PBS and concentrations of the released drug were determined by the HPLC method. The absorbance was measured at 205 nm.
In Vivo Pharmacokinetic Studies in Rat
The pharmacokinetic studies were carried out in healthy male Wistar rats (250-300 g). The animals were acclimatized to laboratory conditions over the week before experiments and fed with standard rat diet, under controlled conditions of a 12:12 h light : dark cycle, with a temperature of 22 ± 3 ∘ C and relative humidity of 50 ± 5% RH. The experimental protocol was approved by the Institutional Animal Ethical Committee (AACP/IAEC/Feb-2014-01).
Eighteen rats were randomly separated into three groups (six animals in each group). The grouping of animals was as follows: Group I: control normal rats (received saline solution) Group II: administered with pure drug (as solution) (15mg/kg/rat) (Henley et al., 1996) Group III: administered with KS NPs (as dispersion in 1mL of water) and then administered intramuscularly.
At regular time intervals 0, 0.25, 0.5, 1.5, 2, 3, 4, 6, 8, 12 and every 24 h, for 4 days, samples of blood were withdrawn (100µL) from the retro-orbital plexus by microcapillary technique under light ether anaesthesia into heparinized microcentrifuge tubes (50 units heparin/mL of blood). Plasma was separated by centrifugation at 12,000 ×g for 15 min and analyzed by the following method.
Plasma samples were deproteinated with 100 µL of acetonitrile, vortexed for 2 min, and centrifuged at 12,000 ×g for 15 min. The supernatant was decanted into a China dish and evaporated to dryness at room temperature. This was further reconstituted with 100µL of mobile phase and vortexed for 30 s and 20µL was injected into an HPLC system. KS was detected at a wavelength of 205 nm. The proficiency of nanoparticulate formulations was appraised by administering pure drug intramuscularly and measuring the blood levels at 0, 0.25, 0.5, 1.5, 2, 3, 4, 6, 8, 12 and 24h.
RESULTS AND DISCUSSION
Optimization of Separation
To decrease the number of experiments, a decrease in dimensions of independent variables was considered in a series of preliminary screening experiments. Optimization of the chromatographic method was achieved in three steps: a series of preliminary experiments followed by two sets of different experiments. The experimental designs were performed to achieve maximum resolution in short analysis time and optimal peak asymmetry.
Preliminary Studies
The preliminary experiments were executed to decide the essential analytical requirements of the method, such as the type of column, buffer, and pH range. A standard solution containing 120 µg/mL of KS was used during the initial experiments. In our preliminary study, performance of several kinds of columns (Hypersil C 18 (200mm × 4.6 mm, 5 µm), Grace smart C 18 (150mm ×4.6 mm, 5 µm), Waters Symmetry C 18 (200mm × 4.6mm, 5 µm), and Phenomenex C 18 ( 250mm × 4.6mm, 5 µm) was checked by running dissimilar mobile phases. The best peak asymmetry and peak resolution were obtained with Phenomenex C 18 . Therefore, Phenomenex C 18 was selected as the analytical column. The .resolution of Phenomenex C 18 was higher and showed much better peak asymmetry than the other columns. Three different buffers, sodium sulfate, disodium tetraborate, and tetrahydrofuran, were used and it was found that disodium tetraborate improved the peak shape of KS and produced the best resolution.
Screening Based on a Taguchi Orthogonal Array Design
Screening study was applied to choose momentous parameters on separation. Taguchi orthogonal array design permitted evaluation of whether variables have a considerable influence on the chosen response or not. The parameters considered in the Taguchi orthogonal array design were the disodium tetraborate percentage, mobile phase ratio and pH, injection volume, and flow rate. The distincted responses of the variables were the retention times, peak resolution, and peak asymmetry.
As can be seen in Figure 2 , disodium tetraborate concentration, buffermolarity, flow rate, and injection volume had a negative effect on peak resolution and peak asymmetry while all the above parameters had a positive effect on retention time.
Disodium tetraborate concentration and mobile phase pH had significant effect on retention time and peak asymmetry and were selected for further optimization. Buffer molarity was, fixed to its maximum value (0.1M).The flowrate and injection volume were fixed to their optimum levels, which were 1 mL/min and 20 µL, respectively, to decrease analysis time and maximize resolution. 
Response Surfacing Based on 3 2 Central Composite Design
The 2-factor-3-level CCD was employed to draw response surface graphs to determine the optimal conditions and to investigate parabolic interactions between parameters disodium tetraborate concentration and mobile phase pH). The variables with their relative experimental values are reported in Table 1 . This design permitted the response surface to be modelled by fitting a second-order polynomial with the number of experiments equal to 2k+2k+1, where kis the number of variables, which composed a total of 13 experiments to be executed as per CCD design (Table 2) .Experiments were executed according to the design listed in Table 2 and responses measured are given in the  same table. Three-dimensional surface plots are presented in Figure 3 and are extremely valuable for studying the interaction effects of the factors on the responses. The retention time for KS decreases as the disodium tetraborate (v/v)%, augmented from lower to intermediate level (Figure 3 (a) ), when the buffer molarity was kept at constant 0.1 M and pH of mobile phase was at intermediate level. An augment in buffer molarity at constant pH and constant disodium tetraborate (v/v) % results in decrease in the retention time of KS. This effect is important when the buffer molarity is greater than 0.1 M. The effect of mobile phase pH on the retention time of KS was therefore investigated in a pH range from 2.5 to 4.0. Retention time was considered a more critical parameter in terms of analytical run time and sampling throughout analysis.
A classical second-degree model with a 3D experimental domain was hypothesized. The coefficients for the second order polynomial model were estimated by least squares regression. The equation for the Y 1 (retention time) factor is shown in (4). The regression coefficients calculated from CCD are given as follows: The result of Peak resolution is depicted in Figure 3 (c), designates that both disodium tetraborate concentration and mobile phase pH were one of the most important parameters that can be manipulated to optimize the separation and analysis of KS. In the mobile phase pH range investigated, the resolution of KS was improved as the pH was increased from lower to intermediate level. When using a disodium tetraborate concentration, mobile phase pH at intermediate level resulted in improved peak resolution is depicted in Figure 3 Peak asymmetry achieved with the optimized chromatographic conditions was 1.1 and was considered suitable for this method. The final optimum conditions for chromatographic separation were 0.1 M buffer molarity, pH 3.2, and disodium tetraborate concentration 25%. The optimized mobile phase consisted of a mixture of 0.1 M disodium tetraborate (pH 9.0) and water (25:75, v/v) ; at a flow rate of 1 mL/min.
METHOD VALIDATION System Suitability Tests
To assure the feasibility and adequacy of the proposed method for estimation of KS in routine pharmaceutical application and verify the resolution, column efficiency, and chromatographic repeatability, system suitability tests were performed (Table 3) . The capacity factor (k′) was between 1 and 10, indicating good resolution with respect to the void volume. The RSD of peak areas of six consecutive injections was found to be less than 2%, thus showing good injection repeatability and excellent chromatographic and environmental conditions. The tailing factor (T) for the KS was found to be close to 1, reflecting good peak asymmetry. The resolution (R s ) between the peaks was greater than 2, indicating good separation of the KS. The values for theoretical plate number (N) demonstrated good column efficiency. Resolution between KS and tobramycin was 7.32. 
The Limit of Detection (LOD) and Quantitation (LOQ)
The estimated LOD and LOQ for KS were 60µg/mL and 120µg/mL, respectively. 
Linearity
Linearity was evaluated over the concentration range 120-840 µg/mL for KS, estimating the regression equation and the determination coefficients (R 2 ) obtained from the least squares method. The coefficients of determination for the calibration curves were higher than 0.9996, which is generally considered as an acceptable fit of the data to the regression line and indicating good linearity over the concentration range proposed. 
Precision and Accuracy
Accuracy and precision for the quality controls in the intraday and inter-day run are shown in Table 4 . All of the data fulfil the acceptance criteria. The intra-and inter-day RSD values did not exceed 5.0%. The intra-and inter-day values were found in the interval 3.0 to -5.0%. These data indicate that the developed method is accurate, reliable, and reproducible.
Specificity
Specificity is expressed as the capability of a method to distinguish the analyte from all potentially intrusive substances. The specificity of the method was scrutinized by blank plasma detection, peak purity, and spiking blank plasma with pure standard compounds. Blank rat plasma had no interference, when KS, and the IS were eluted. At optimized conditions, the separation of KS and tobramycin was completed within 7min (Figure 4 (a) ).
Stability
Bench-top stability was investigated to ensure that KS was not degraded in plasma samples at room temperature. It was measured by divulging the QC samples to ambient laboratory conditions for 10 h. Freeze-thaw stability was measured over three cycles. The stability of reconstituted samples was assessed at ambient temperature for 24 h. The freezer storage stability of KS in rat plasma at -20∘C was evaluated at the beginning and one week later. All stability QC samples were analyzed in six replicates. The results indicated that KS had an acceptable stability under those conditions (Table 5 ). 
Method Applicability
The method developed in this work was used to determine the content of KS in in vitro drug and in vivo release in free form and as NPs. The TEM image ( Figure 6A ) unambiguously reveals that most of the emulsion particles of KS NPs were below 100 nm in size and were spherical in shape. Figure 6B depicting the Dnm distribution distinctly reveals the particles size of the optimum formulation as 77.90 nm, polydispersity index (PDI) of 0.073, and zeta potential of -29mV. Percentage encapsulation efficiency (EE) and percentage drug loading for KS were found to be74.34% and 95.44%, respectively ( = 3), representing a high degree of EE of KS into PLGA NPs. KS has high solubility in water and it is necessary to prepare the NPs employing w/o/w emulsion technique, in order to augment the EE of this molecule. The in vitro drug release profile showed a 15% initial burst in the first day, followed by 80% cumulative drug release of KS after 12 days (Figure 4 (b) ) in the PBS buffer at pH 7.4. Zero-order patterns were observed of optimized NPs formulation with R 2 values of 0.9904. The areas under the concentration versus time curves were 1727.56 µg/mL * h and 22252.2 µg/mL * h for free KS and KS NPs, respectively. Intramuscular administration of KS in the present study resulted in a sharp C max of 592.234µg/mL within 0.25 h after which the plasma concentration declined rapidly, indicating a rapid absorption of KS, whereas a relatively slow increase and sustained plasma concentration of KS was observed for a longer time (3 days) after the administration of a single dose of KS NPs. Significantly ( < 0.05) C max of 556.364 µg/mL at 24h with KS still detectable after 3 days confirms the sustained effect of polymeric NPs. The representative chromatogram of a plasma sample, which was collected from a Wistar rats at 0.25 h following intramuscular administration of free KS (Figure 4 (c) ) and at 24 h of KS NPs (Figure 4 (d) ). The mean plasma concentration time profiles after an intramuscular administration of free KS and KSNPs are shown in Figure 5 .The pharmacokinetic data of free KS and KS NPs after intramuscular administration in rats is shown in Table 6 . 
CONCLUSIONS
The novelty of the current work is the development of nanoparticle drug delivery system solely through the judicious selection of apt blend of PLGA and emulsifier and evaluate its in vitro release and in vivo absorption performance by systematically optimized HPLC method using Formulation by Design (FbD). Experimental designs have been employed during the development of the method to minimize retention time and maximize peak resolution and optimal peak asymmetry. The predicted values from the model equation were found to be in good agreement with observed values and to gain a better understanding of the two variables. Finally, the method was applied to investigate the content of KS in in vitro drug and in vivo release studies in free form and as NPs. Conclusively, the studies can be judiciously explored to develop suitable platform technology (ies) for development of effectual and cost-effectual optimized HPLC method to investigate the in vitro and in vivo release performance of nanoparticle drug delivery system of other aminoglycoside drugs. 
